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ABSTRACT 

OCurUsslfted] 

A  brtrf  <t«>srT3)ni»  o(  the  theory  aad  operation  of 
a  Luneberft  leu  m  nude  based  oa  previous  work  of 
W.  J.  Tuults  of  ttM- 9>>a*7  Electromcs  Laboratory. 
Crjostrurtion  featuies  are  described  wBick  all.>w  the 
fabrication  of  a  km  for  underwater  acoustic  ose  at 
low  frequencies .  Tie  lens  is  a  li(tlttwet(hl  spherical 
array  of  flattened  Oi.Uow  tublni;,  properly  spaced  to 
control  the  co<iipim.iib.ht]r  (hence,  urlea  of  refrac¬ 
tion)  throuKhout  The  lens.  A  model  S  feet  is  dtaoeter 
to  be  Kirdled  by  a  nnif  of  omnidirectiCMl  hydrophones 
has  been  construtied  at  NRL  (or  use  with  a  proposed 
airborne  sonar  syiva.  S  number  of  beam  patterns 
ire  shown.  The  dirertivity  can  be  increased  by  usinf 
directional  hydrcipnvnes.  The  tests  meal  that  reflec- 
ticns  from  thi-  epuri  glue  used  In  constructioe  lowered 
the  lens  perforotaoee.  There  is  a  need  (or  additional 
work  with  the  Luneberg  lens  concept 
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L  rg  iTid  <inc  of  thr  hyrfruphoTH'i  to  hc 

att«f  hrrl  til  thr  Klht'fglat  t^ndm 


it 


AN  ACOUSTIC  LUNEBERC  LENS  EOR 

low-frequency  sonar  use 

[UnclaanUled  Tltt«] 


O.rROpUCTIOlI 

Prp'rtous  ittempu  hive  been  made  to  focus  sound  waves  with  spherical  lenses  for  stmar 
use,  but  they  were  restricted  to  small  site  and,  consequently,  litf(h  frequencies  (>  20  kc). 
llNually  they  were  thin-valled  spheres  filled  with  a  fluid  (e.R.,  CCl,)  having  a  sound  velocity 
lower  than  that  i4  water.  This  uniform  index  of  refraction  causes  an  inherent  broad  focal 
region  because  of  splierlcat  aberration.  Temperanire  changes  usually  will  deteriorate 
performance. 

Luneberg  (1)  has  shown  by  ray  theory  that  point  focusing  can  be  obtained  srtth  a  spher- 
leal  lens  having  an  index  rf  refrsclion  that  varies  with  radius  in  a  special  manner.  The 
theoiy  of  the  Luneberg  len.s  is  relal'vcly  old,  but  the  work  to  perfect  one  has  only  recently 
reached  a  nta,'e  where  a  practical  model  has  been  developed  that  could  be  used  in  the  field 
of  underwater  acoustics.  Such  s  lens  has  m.iny  attractive  features  for  low-frequency  sonar 
use  in  that  it  provides  relatively  narrow  pre-tormed  beams  in  a  manner  much  simpler  than 
with  conventional  methods.  The  work  reported  on  here  is  the  result  of  an  Investigation  of 
acoustic  lenses  for  airborne  sonar  (len.s  and  hydrophones  to  bo  dropped  Into  the  water  from 
a  bellcopte.-  or  an  airship),  fn  tV  intended  application,  the  acoustically  pre-formed  beams 
simplify  the  electronicE  and  are  welf  suited  to  optim'iin  signal  processing,  wtille  structuatly 
the  lens  can  be  made  lightweight  and  has'n:  crtilcal  dimensions  or  tolerances.  A  Low 
Frequency  Active  Sonar  System,  designated  LOMASS-lIl,  has  been  designed  around  the 
acoustic  lens.*  « 


THEORY  AND  OPERATION  OF  TRE  LENS 

The  following  is  a  brief  description  cf  the  theory  and  operation  of  the  lens.  For  a 
complete  explarution  one  should  examine  the  reports  on  this  subject  (2,3)  written  by 
W.J,  Toulls  cf  the  Navy  Electronics  Laboratory,  who  has  perfected  the  above  menUoaed 
practical  model. 

A  group  cf  hydrophones  is  arranged  in  a  circle  about  a  sphere  of  special  core  nsaterlal 
(see  frontispiece).  The  output  from  each  hydrophone  is  a  beam  associated  with  that  hydro¬ 
phone.  Lens  operation  depends  on  the  core  material  having  an  index  of  refraction  p  (hence 
sound  velocity)  which  varies  with  radius  r  as 


M(r)  -  (r/a)' 

wliere  a  is  ti.e  ritdius  of  the  lens.  This  is  the  Luneberg  elif^flnn  for  focusing  to  a  puinL 
As  shown  in  Fig.  L  a  sound  ray  entering  t)»e  term  narallel  to  the  axis  is  bent  toward  the 
axis  by  the  artion  of  the  core  and  emerges  fr  in  trie  opposite  .side  at  the  axis.  A  bundle  of 
sound  rays  having  the  diameter  of  the  lens  will  i'.e  fixused  to  a  point  on  the  opposite  face 
of  the  lens.  By  placing  a  hydrophone  at  this  point  a  gain  Is  achieved,  and  for  the  main 
lobe  a  beam  pattern  Is  formed  similar  to  tnat  rf  a  circular  piston  having  the  same  diameter 
as  the  lens. 
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F>f  ■  1  '  R>y  diaiiram  of  thr 

l^nt  operation  •andtnr  irjijrx- 
u(>r«fr<iitian  prciilr  lA  the 
l«na 


Th«‘  liMti'K  •>(  rcfriti'tiun  iv  varit^  ><y  nifikinK  the  com* 
|)rrss|littlly  <■(  (li<  liquid  a  lumti>*ii  nf  radius.  TouIIk'm 
nn'thml  <it  ddtnK  this  Is  to  (orm  »  sploTlcally  shaiird  array 
o(  relatively  thin  walled  tuhlng  that  has  Imth  di’fornied  to  • 
flat  elltpltlral  sertlon  leav  iw  a  small  air  Kup  Inside  the 
tutx'  and  the  tulH-  ends  hav<  htsen  sraUd.  This  flattened 
luhin^.  called  conipliani  tutimi*.  has  a  compresslhlllty  <jf 
eon.stant  value  at  low  (requrnnes.  a  roiii|iresNil>lllty  that 
Is  indeifendent  of  depth  at  sea  as  lont;  as  the  elastic  limit 
of  the  material  Is  not  exreeoed.  and  a  rtsunancr  deter.ninrd 
by  Its  dtmrnMuns  and  mechanical  pruperlleH. 

The  relation  between  tube  I'Pacini;  and  compresalblllly 
Is  determined  by  maklnK  *  planar  array  of  tul>eH  somewhat 
like  a  Venetian  blind  and  .subjectinic  It  to  the  action  of  plane 
sound  waves.  TuIm-  orlentalinn  to  the  sound  beam  Is  not 
sly.nlflcant.  It  ts  found,  for  example,  that  a  curtain  <A  a 
(tiven  sUe  and  tyjie  of  toln's  wilh  a  centi'r-to  center  spacInK 
of  3/4  In.  has  a  resonant  fieqnencylvery  large  Index  of 
refraction)  of  alniut  12  kc,  and  below  this  frequency  Uie 
Index  falls  rapidly  such  thai  from  6  ke  to  2  kc  the  Index  1b 
almost  constant,  being  2.0  at  (  kc  aivd  1.0  at  2  kc.  A  spacing 
of  1-3/4  In.  gives  an  Index  ol  about  1.2  at  2  kc,  and  spaclngs 
tietween  3/4  In.  and  1-3/4  In.  give  indexes  between  1.2  and 
1.0  at  2  kc.  Because  the  index  dues  not  change  rapidly  with 
friquency,  operation  with  compliant  tubes  is  possible  over 
a  range  of  frequencies. 


DEVELOPMENT  OF  THE  NHL  LfcHf 

Since  simple  and  lightweight  structures  are  paramount  Importance  in  directional 
alrtMirne  sonar  systems,  the  lens  lends  Itself  readily  to  this  aiqilii  atlon.  Its  ahlllty  to 
locus  sound  slmulUi.eQusly  from  all  directions  without  rotatiod  i.s  desirable  from  an  oper* 
alional  standpoint:  the  ease  and  simplicity  of  tieam  formation  compared  to  conventional 
methuts  is  de.sirable  from  a  .sonar  system  point  of  view. 

The  Naval  Research  Laboratory  has  constructed  and  experimented  with  a  lens  to  be 
used  with  an  experimental  hellcopier-borne  or  atrshlp-borne  sonar  system  operating 
near  2  kc.  An  assessory  projector  Is  needed  to  complete  the  transducer  system,  since 
the  lens  cannot  be  used  for  transmitting,  except  for  low  tnlensilirs,  without  running  Into 
cavitatKMi  limitations  at  the  Individual  hydrophones.  In  the  helicopter  apfilU  atlon  a  line 
projector  whicn  will  transmit  omnidirectionally  wiiuldbe  sus|iendi>d  Ix'low  the  lens,  wtiile 
on  receptPNi  the  hydrophone  isjtjiut.s  would  be  scanwd  r.equenlially.  Little  or  no  loss  Is 
incurred  on  receptbm  If  the  ixilputs  are  rectified  and  Integrated  lirfore  lielng  scanned  St 
a  rate  dependent  on  receiver  tiandwidth  and  the  Integration  time  constant. 


CONSTRUCTION 

The  NHL  model  uses  3/8-In.  aluminum  tubing  of  two  wall  thtrkni  sses,  0.023'and 
0.028  m..  to  tie  formed  Into  compliant  lubes.  U'hen  flattened  Un-  tuties  are  5/8  In.  wide 
with  as  air  gap  of  aleiut  0.025  in.  An  air  gap  wider  or  narrower  (even  a  limited  numlier 
of  culUpcied  polft.s>  over  small  sections  Is  allowed.  /TrinipUanl  rings  are  us<hS  In-stead  of 
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riids  f'Kft'pt  at  the  ct'ntrr,  •i+m-it  hlralutit  tubra  arr  brr*ai«  <4  tSe  ditfirultjr  <4 
nukinn  small  rlnits.  T<>  ubtain  thr  drsirrd  indra-cl-rrtraftxs  fanrtirw  thr  Irns  U  tMlIt 
with  a  nonitMT  of  riinv<-ntrK  shrlls.  Caih  shrli  cormsu  of  c-cawpliant  rin|cs  boparal^  by 
a  (lls'anct-  thill  Kivrs  thr  stM-ll  Ihr  rrqwtrsid  indra  at  Ux  ahrll  radwa  according  to  Ux 
Lunrlit-rg  equal liui  (Table  1  and  Fig.  2). 

Conacqui’nlly.  Ihia  ty|ir  >4  rraailrurtion  raua««  Table  ) 

the  iniV'x  ol  refraction  to  vary  In  iMite  steps  raiSer  Hug  Spoctng  (or  Each  Shell 

than  continuously  as  required  liy  the  Luneberg  repea* 
tion.  A  Htcp-tiy-Btep  coniproniise  is  allowed,  how* 
ever,  if  tlie  shell -to- shell  or  step  distances  are  small 
compared  with  a  wavelength  and,  arbitrarily,  a  atep 
dl.stanee  of  1/10  or  3  in.  at  2  kc  is  chusen  to  give  a 
sufficient  nunitsT  of  refractive  fndea  inrreR.enta  to 
appruxiniate  a  continuous  variation.  To  attain  a  large 
lens  dlamctiT  many  steps  are  needed,  and  in  the  case 
described liere  13  steps  areusedfur  a  60-ln. -diameter 
lent. 

Since  the  ray  intensity  falls  off  rapidly  for  ray* 
near  (lO  degrees  from  the  axis,  the  lens  iS  rut  down 
or  trun<  ated  at  the  t-qi  and  bottom  to  lower  the  ver¬ 
tical  height  to  30  in.  Even  with  this  reduction  in  sire 
aunie  1400  feet  of  aluminum  tubing  !•  used. 

Figure  3  shows  the  lens  partially  consirwcted 
with  the  straight  center  tubes  mouoled  Irside  a  Iree- 
flisiviiiig  cyfir.d.'-ical  tube  <4  Ffberclas.  The  compluuii 
rings  are  supp<irted  by  a  |a  Fibrrglas  rltia  cemented 
to  the  center  FIberglas  tube.  Each  rib  is  made  up  of 
C-stiaped  segments,  rorres^vnding  to  the  sheil-to* 
shell  separation,  and  the  edtes  4  each  segment  are  notched  to  position  the  compliant  tube 
rings.  As  each  segment  is  cemented  In  posltiim  each  of  the  r-.ng«  is  also  glued  to  the  seg¬ 
ment  to  prevent  the  ring  from  oirclunlcally  vibratu^  against  tte  rib.  Figure  4  and  the 
froriunplece  shew  tJie  completed  letis  with  two  Fiberglas  t>a.->ds  for  mounting  the  hydrophone*. 
The  lens  Is  suspended  by  means  of  a  circular  plate  atuebed  b.  the  center  portion  of  the  ttip 
member.  Without  hydrophones  the  lens  weight  u  around  143  pounds,  and  with  hydrophones 
the  expected  weight  will  be  about  2M  pounds. 


Fig.  2  -  CcnvcscctionaJ  view  ^ 
the  lent  In  show  approwimal*  tub* 
iucation  and  shell  siructura 
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fig.  4  -  Vir'iV  fit  ffm-/irtrii 
•ho»'inn  Ihc  circular 
support  plat* 
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RESULTS 

FlKurm  5  thr  /uO  S  *rr  llir  Uns  palirm  rrsulta  ov'tr  nablr  (rr<]urnc';^ 

ranK*'  (ur  •  Kimplr  omnidirrrllonal  hydrophtitK.  Commrnt  aVKi  Dd  hi|ch  bark  rrspooat 
will  be  madr  latrr.  Cuniparlaon  «j(  Uirar  (uttrrnb  »ilh  Utr  paru^rm  obcainrd  from  a  circular 
plHton  Would  hhow  iht  main  bram  almitarlty.  Fi|(urc  9  ahuwa  !<»  cam  and  llluKtratcf  Ibc 
broad  frcqurncy  capabililirh  of  tbc  Irna.  In  ccnrral.  tl  can  br  i-aai  Ual  (tilt  Icn.'  could  h? 
usfd  (or  fro<)ucncirs  briow  4  kc.  But  Ih-Iow  about  I.S  kc  the  dirccuiity  is  too  low  to  be 
roruildrrorl  useful.  Above  4.0  kc  the  Irn*.  cam  dropci  sharply  t>ecause  the  compliant  tube 
spacing  iM  Tomea  large  with  r«-«(>ecl  to  fie  >  /}0  criteria  menti'waed  earlier.  From  these 
two  llniiialioiu,  then,  the  conclusion  is  made  that  the  usable  poataon  is  (rom  1.8  kc  to  4.0  kc. 


Fig  •  A  -  L.«ns  beam  pattc  'n  at  1 .84  kc 
with  omnidirectional  hydrophone 


Fig  ■  4  -  l>ews  Wam  jpattc  r»  at  2  • )  kc 
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fig.  ^  -  lxn«  ffufil  rr»p«Ti*c  to  iho*- 

tUr  l«n«  Hiun 


Crnip4rlj.ons  (A  Tif.^  If  *n>i  11  »«h  Fir.  6  »ill  show  iIm-  dcRfo^t »uon  Out  will  occur 
II  Ok  l.uncl>or|t  vartaiion  in  l-V  in<l<K  «(  r<-lrarti<>o  ts  alicrtH}  by  obKcl!>  wtiich  upf.ft  the 
ctKiirollcd  comyrcsMbility.  Ficurcs  10  and  11  arc  ^>a^t»>rn^  which  result  when  Ilsh  are 
;)res«‘nt  10  between  the  compliant  lubes.  A  lliw  mesh  n<*l.  which  did  not  trap  air  and  thus 
change  the  compre.ssibility.  spreail  over  Oie  lens  would  orevent  this  Irooi  happening  In 
lield  u!>«. 


J'lH.  10  •  laCT.*  b<-n. 
irrr.  At  •irr.  tK<rc 

wt:  rV  in  .rr.# 


fii.  II  -  bcAi.  f-At- 

•rrri  A\  i  »h*T.  t.-.cr*- 

«rr«  ll*h  ir>  th«  Ivrn 

«  * 
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Mrntlim  ni4dr  i4  tNr  hl)(h  l)jrli  rrKp<>n*.r,  Tkw  rallu  tif  friml  irHiKjAbr  Ki  liooh 
rvhp<iMN<'  I'lr  thr  Irns.  nhu  h  i>  ih  ini|><irtjnt.  rthiKild  Ih-  <4  Ihr  ordt  r  uf  It  dl>,  wtx-rtA^ 

i;ir  ri'sull.s  Kivf  <»nljf  11  nr  12  dti.  S-mir  t'XiH'rinifnts  *«‘rr  (HTlnrmrd  lit  dt-lrrminr  Ih* 
for  Ihc  ^>s^.  An  inli  rt  stlnK  i  oniiurison  riin  Ik-  mtido  with  Fin  12  atKl  tbr  lowTr 
Irarr  <»l  Fig.  H  n<>lh  -trr  i  lol-.  o(  ri-rr  ivlng  r«-*-|")ns<'  vrrsuv  lr«-<jurnrY,  Iwl  Ihr  hydro|ihon« 
of  Fig.  12  IS  nioonlr-d  nilda^y  lulwirti  I  wo  of  Ihr  FllK-rgUs  rltis.  wfillr  Ihr  h)rdro(4iunr  U 
Fig  tt  IS  mounird  Jl  Ihr  rdgr  of  onr  of  tl.<'  rihs.  Nothing  unusual  Is  noltir-d  wllh  Ihr  rdgr> 
niount<-d  rrsyli,  lujl  Ihi  rr  is  a  notii  •-alili-  luttf  in  lo  Ihr  nild- nioonlrd  rrsull  of  Fig.  12.  Thin 
ryir  si'ows  a  ryi  lu  uriation  in  rrsponsr  Inal  ran  Ih-  grnrralUrd  as  a  iH-rlodM-  yihasr 
..ddilion  ind  canrrUatlon  rlficl  dur  |o  ri  llrrllons  within  Ihr  Irns.  IN-rlodir  cawrlUtlonK 
urrur  at  2.2  kr ,  2.7  kr,  3.1  gr,  3.S  kr.  and  4.t  kc. 

Thi  sr  rrsulls  indirair  Ihallhr  rib  htruc- 
ijrr  arls  as  a  <oi n»-r  rtfl'-rior.  Prrvlous  lo 
Iriis  ronslrurlmn ,  sonir  Irsls  wri  r  |m  rfoi  mrd 
lo  di-li  rntirr  Ihr  aroustic  qsalltirs  of  Ftbrr* 
glas.  N<i  di  lr imrnlal  rfircis  wi-rr  nolirrd. 

So  Ihi-  rrflri  Inals  must  br  lilain*-d  on  thr  loo 
IllH'ial  usr  of  r|wia)  irmriil  usrd  lo  fastrn 
tht  Irns  nirnilH-r  logrthrr  Thr  dririrrious 
rftrc  ls  of  r|nixy.  djr  lo  tra|i|N-d  air  iHjrkrlsi, 
afr  fas!  iH-ronr.ng  kni  wn  tji  iransdurt-r  prr- 
sonnrl.  Howrvi-r.  this  »a..  not  knowt  a  I  thr 
Imir  of  Irns  ronstruction.  Ilrrausr  o<  Ihr 
nirlhod  of  fonsirui  Irm .  il  »ctuld  ir-quire  total 
disassrnilily  and  comiitrlr  rrronslrurtton  to 
rrniovr  thr  rpoxy  from  Ihr  Irns,  and  In  thr 
procrss  somr  of  Ihr  rompUanl  rings  would 
surrly  br  damag<-d  bryood  rrpalr. 

Somr  Improvrmrnl  in  Ihr  fronl-lo-bach 
ratio  ran  Ik- o*  ;ainr.1  by  using  itlrrctlonal 
hydrojiho.-'rs.  Mrih'ids  <4  doing  this  plus  thrlr 
rrsulls  wllli  Ihr  Irns  arr  shown  In  Figs.  13 
Ihr'Kigh  16.  To  gri  ihr  rrsull  <4  Fig.  13  • 

30  a  30  In  romiiliaol  lulling  baflW-  or  rrflrc- 
lor  Is  pla-.'t-d  a  quarirr  wavrlrngth  away  from 
Ihr  hyilrophonr  in  ordrr  lo  mc  rrasr  thr  wanli-d  rr-sixip.sr  liMikIng  toward  Ihr  Irns  as  well  a* 
to  drrrrasr  Uu-  unwanK-d  rrsinnsr  (hack  rrS|Mmsr  of  tlw  hydro|gimv<- 1  looking  away  from 
Ihi-  Irns.  This  nu-ihod  has  Ihr  i.rnous  fault  «4  Ir.lrrfrring  with  thr  hydrophonrs  moonird  oo 
Ihr  othi-r  Mdr  i4  Ihc  Irns.  since  II  n<i|  only  prrvrnls  sound  rays  Ironi  rnirring  Ihr  Irns  but 
also  disrupts  normal  Irns  focusing  action. 

The  rrnialnlng  ihrrr  dirrclloiial  hydro|>bonr  results  (Figs.  Ita.  13a. and  16a)  arc  obtained 
(or  arrays  of  omntdirrcllonal  hydrophones  whose  outputs  arr  added  In  combinations,  somr- 
timrs  alirr  a  sutlablr  pliasr  shill.  A  drawing  nral  lo  each  rrsuitani  lens  bram  pattern 
ulustrairs  thr  rxprnnirntal  configuration  usrd  along  with  a  srhrmalic  rt-prrsrnialion  ol 
thr  phasf  shill  |K-rfortnrd  and  Uir  manner  ol  signal  additional.  Following  each  Irns  patlrm 
IS  thr  iMtirrii  of  thr  |>ariicular  array  us<-d,  to  show  thr  dirrctiuti  of  the  array  by  ItsrU 
(Figs.  Mb,  13b.  and  |6b). 

Thr  arrays  used  arr  hy  no  nirans  c  -mplrtr  or  the  I  .-st  choices  available  iMt  merely 
serve  to  lllu.slralr  that  thr  lens  pattern  can  Ik-  improvt-d  by  using  simple  directional 
hydro|ihonrs.  However,  a  word  of  caution  Is  in  order  lii  regard  tu  soc.r  (4  thr  dirt-rllonal 


Fig  12  .  fla-.  ^  revponar  wnh  frequency 
when  Ityd  r  uphurir  'vnioun.ied  rmdway 
heiweeii  ril-> 
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Fig.  II  -  l>rns  br«m  |>A<i«rM 
»ttu  onuuAi  rrdioMl  hv^ro- 

«n4  to  >  to  la.  balfic 


srrafs  tried.  In  most  cases  they  increase  the  oeerail  diameter  of  the  finished  lens.  The 
eed-Kre-array  method  requires  four  hydrophomrs  per  beam,  which  would  result  in  n  rery 
large  autnEer  of  hydrophones  for  a  lens  hansg  a  sizable  number  of  beams,  and  Die  result¬ 
ing  size  and  complexity  may  be  too  dUtracUng;. 

Ai;  of  the  foregoing  discussion  has  In  tciad  beam  Inrroallon  for  the  normal  sonar 
operalioa  of  detection.  For  Information  wlthis  the  beam  It  Is  necessary  to  be  able  to 
iX^in  phase  inf'irmation  This  phase  tnfornauoia  for  high  bearing  resolution  withbi  U;« 
beam  can  be  utitained  from  the  lens  by  comoarmc  the  phase  of  two  adjacent  hydrophones. 

TSe  positi'jn  of  the  target  is  determined  by  this  phase  Information.  Figure  17  Is  a  plot  of 
ex;»'rimental  results  showing  phase  difference  wim  respect  to  mechanical  rotation  lor 
three  conditions  of  hydrophone  separation.  On  Hus  same  figure  Is  also  shown  the  theortUcal 
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l>^J^r  dittrrrnrr,  undrr  thr  ll-ln.-M^ratum  condition,  tor  the  two  hydrofihoneH  without 
t^«■  lrn>.  The  lens  |>hiis«-  diKcrciicc  >pprars  to  Im>  quite  mmllnrar.  but  In  Ihi  utsable  purttan 
(le't^een  the  S-db-down  potnbi)  the  error  In  small.  Perhaps  this  could  t»c  corrected  by 
mudiiiratiiHM  in  thi*  display. 


With  lcn(  0>)  Without  ten* 

I'la  •  1^  *  t.rfiii  t>i  •!!<  pattern  i»ith  a-hydruptionr  end>iirr  array  at  Z.i  ki 


(a)  With  ten*  (b)  Without  Irna 

Fig.  lb  >  Lent  Wani  pattern  «ith  4 'hyii ruphone  array  at  Z.i  kt 
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Fig.  *  Ph««c  r^laiton«lup  briwvea  two 
Aitiarcni  rlcmrnts  *1  Z.3  kc 


CONCLUSIONS 

A.s  a  simplr  and  lightwrighi  structuir  having  the  ability  to  (')cus  sound  stmulUneouHly 
from  all  directions  with'iot  mechanical  rotation,  the  compliant-tube  Luneberg  lens  shows 
great  promise  as  a  receiving  transducer  (or  a  directional  sonar  system.  Its  ease  and  slm* 
plicity  of  beam  formation,  when  compared  to  conventional  methods,  is  Impressive.  Due  to 
the  nature  o(  compiiant  tube.s.  len-s  operation  i.s  permitted  over  a  range  at  (requenclea. 


FURTHER  PRtX^RAM 

To  continue  further  tests  with  the  leas  it  is  necess.Tr;’  to  coastnict  a  new  one  In  such 
a  manner  that  the  troublesome  reflections  caused  by  the  cpony  cement  can  be  eliminated. 
It  is  coasidered  too  impractical  to  repair  the  pre.sent  lens.  One  suggested  method  (or 
improvement  is  to  replace  the  Fiberglas  wtdi  aluminum  so  that  the  ribs  and  compliant 
tubes  can  be  fastened  bigethe".  by  welding  or  soldering,  in  such  a  (a.sbion  that  the  acoustic 
properties  ol  the  compliant  tubes  are  preserved  and  at  the  same  time  the  tubes  are  held 
in  position  with  do  inlerlerence  from  trapped  air  pockets  in  the  structure. 
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M^'ch  work  r<iuld  Im-  done  to  d<*l('rmln«‘  tx-ttpr  dlrr-rllonal  hydrophrm*  arrays  tu  tmprow 
l«*ns  (tiTlormanco.  Addiltonal  r-xpi-rlmcnLs  sh<juld  Ix'  pcrlortnMl  to  otdain  inipruvtxj  bearlnc 
rr^Nolutiori  tx'yond  wtiat  lias  tx-cn  outlined  here.  One  Item  that  has  been  barely  touched  upon 
Is  the  handling  capabilities  of  the  lens.  Little  has  Ix-en  done  toward  d<-termlnlng  the  ahtlity 
of  the  lens  to  withstand  the  sudden  shock  of  Ix'lng  dro|>pi-d  Into  the  water  ind  dragged  about 
or  other  ty|M‘s  of  rough  handling  that  are  typical  of  op<'/ating  conditions,  iuch  tests  should 
await  a  more  romptete  ib-lerminatlon  of  acoustic  tX'rlormance,  Improved  lens  performance 
can  be  obtained  only  through  such  development  programs. 

A  program  should  be  Initiated  to  Include  the  item.s  mentioned  alxive.  If  for  no  other 
reason  Uian  completeness,  to  finish  a  developr  ?nl  that  Ls  only  partially  complete  and  one 
that  shows  much  promise  for  Improved  sonar  performance. 
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CONFIDENTIAL 


OnCE.  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
IRE  USlD  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A  Lt  FINITELY  RELATED 
OVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
O  RESTONSIBILITY,  NOB  ANY  OBUCATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
OVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
AID  DRAWINGS.  SPECIFICATIONS.  C«  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
PLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER' UCENSING  TH,E  HOIJ3ER  OR  ANY  OTHER  ‘ 
ERSON  OR  CORPORATION,  OH  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE. 
SE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


UNITED  STATES  GOVERNMENT 

memorandum 


7103/115 

DATE:  24  October  1996 


FROM:  Burton  G.  Hurdle  (Code  7103) 

SUBJECT:  REVIEW  OF  REF.  (a)  FOR  DECLASSIFICATION 


■"0=  Code  1221.1 

Code  7100 


I  OOi, 


(a)  NRL  Confidential  Report  #5154  by  J.J.  Yagelowich,  July  16,  1958  (U) 

1.  Reference  (a)  describes  the  construction  and  testing  of  a  5-foot  diameter 
Luneberg  lens,  a  lightweight  receiving  transducer  for  low  frequency  acoustic 
reception. 

2.  This  technology  is  an  old  and  currently  well-known  technique.  The  transducer 
discussed  is  no  longer  in  existence. 

3.  Based  on  the  above,  it  is  recommended  that  reference  (a)  be  declassified  with  no 
restrictions. 
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Superintendent 
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